suMMARY Previous studies have suggested that the early post-infarction exercise test is useful in predicting the extent of coronary artery disease. The results of a heart rate limited exercise test three weeks after infarction and a symptom limited exercise test six weeks after infarction obtained by both standard 12 lead electrocardiograms and 16 lead precordial maps were compared in 100 consecutive survivors of acute myocardial infarction under 55 years of age. Exercise tests were defined as being positive on the basis of angina, ST segment depression > 1 mm in any electrocardiogram lead, or exertional hypotension. Multivessel disease, that is two or three vessel disease, was present in 60 patients, and three vessel disease in 22 patients. The sensitivity, specificity, and predictive value for multivessel disease of the three week test were 38%, 83%, and 76% respectively; and results for the six week test were 55%, 75%, and 77% respectively. Only 32% of patients with three vessel disease were identified at the three week test, and 59% at the six week test. Significantly more patients with multivessel and three vessel disease were identified by the symptom limited six week test. Precordial mapping offered no advantages over the standard 12 lead electrocardiogram in either the identification of patients with multivessel disease or the prediction of the distribution of coronary artery disease. Angina pectoris during the exercise test at six weeks was the single most useful predictor of multivessel disease. Multivessel disease was found in 27 (87%) of the 31 patients with angina with or without ST depression during the test at six weeks compared with 33 (48%) of the 69 patients who did not have angina during the test at six weeks.
On the basis of results from previous studies the early post-infarction exercise test is being recommended as a filter for the selection of patients for coronary arteriography'3 14 and their subsequent referral for early coronary artery surgery. 7 15 Many of the studies upon which such recommendations are based have, however, included patients up to 65 or 70 years of age.8 16 It may not be appropriate to apply such data to the management of younger patients in whom prophylactic interventions such as coronary artery surgery are more likely to be considered.
The main purpose of the present study was to evaluate the relation between exercise induced myocardial ischaemia early after myocardial infarction and the extent of coronary artery disease in a group of younger patients. The study was Table 3 ).. Stenoses in major diagonal or obtuse marginal (lateral circumflex) branches were considered to constitute left anterior descending or left circumflex artery disease respectively. The term multivessel coronary artery disease refers to important disease in two or more major coronary arteries.
For analysis and comparison of our results with those of Fox et al 7 we subdivided the-16 lead precordial map -into anterior, inferior, and lateral regions (Fig. 2) . Their study demonstrated the associations (a) between ST segment depression in the first row of the precordial grid and the presence of important left main stem or proximal left anterior descending artery stenoses, (b) between ST depression in the anterior or inferior regions and the presence of important left anterior descending or right coronary artery stenoses respectively, and (c) between ST depression in all three regions and the presence of important three vessel disease.
STATISTICAL ANALYSIS
We used the-x2 test for group comparisons. McNemar's test'9 was used to evaluate the difference in exercise test results between three week and six week tests. The sensitivity, specificity, and predictive values-of a positive and negative test to detect the presence or absence of multivessel disease were determined. Sensitivity was defined as the percentage of patients with multivessel coronary artery disease who-had a positive test. Specificity was defined as the percentage of patients without multivessel coronary artery disease who had a negative test. The positive predictive value was defined as the percentage of patients with a positive test who had multivessel coronary artery disease. The negative predictive value was defined as the percentage of patients with a negative test who did not have multivessel coronary artery disease, that is those who had insignificant or single vessel disease.
Results

CLINICAL CHARACTERISTICS
The mean age of the 100 patients in the study group was 46-6 years (range 32-54 years). There were 90 men and 10 women. Seven patients had had a previous myocardial infarction. The sensitivity, specificity, and predictive value of a positive maximal exercise test six weeks after infarction for patients with multivessel disease are 55%, 75%, and 77% respectively. The predictive value for three vessel disease is only 30%, with nine (41%) of patients with three vessel disease having a negative exercise test. The negative predictive value of the six week test is 53%.
Only 23 (38%) of the patients with multivessel disease were identified at the three week test compared with 33 (55%) at the six week test (p < 0 05) (Fig. 3c) . Significantly more patients with three vessel disease were identified at the maximal six week test (p <005) (Fig. 3b) . The difference was not significant for patients with two vessel disease (Fig.  3a) .
Discussion
The extent of underlying coronary artery disease is one of the important determinants of long term prognosis in survivors of an acute myocardial infarction.3 Knowledge of its extent in individual patients would thus help greatly in the planning of long term management.
Although coronary arteriography is safe and carries very little risk,20 its widespread use in all survivors of acute myocardial infarction is impractical. Alternative, cheaper non-invasive means of predicting the extent of coronary artery disease have therefore been sought. These could be more widely applied and used as a filter to select those patients who should proceed to coronary arteriography. Treadmill exercise testing is now widely used in this context10 and forms a routine part of post-infarct management in many centres.
Studies examining the ability of the early postinfarction exercise test to predict the extent of coronary artery disease have produced conflicting results7 10 ( of patients have not been compared before.
We chose to investigate patients under 55 years because many centres still perform routine coronary arteriography on younger patients after myocardial infarction and also because prophylactic interventions are more likely to be considered in this age group.
LEAD VERSUS 16 LEAD
In their original study using precordial mapping in a small group of patients Fox et al suggested that 16 lead precordial mapping may show areas of ischaemia inaccessible to the standard 12 leads.'8 After infarction precordial mapping might aid identification of some of the appreciable number of patients with multivessel coronary artery disease and a negative exercise test on the conventional electrocardiogram leads.9"-I The present study, however, has shown that the 16 lead system offers no advantages over the standard 12 leads in identifying these patients. We were also unable to confirm the findings of Fox et al of a correlation between ST segment changes within specific regions of the precordial grid and the distribution of coronary artery disease.'7 Although Fox et al were able to identify all patients, in a group suffering from stable angina, with significant left main stem or proximal left anterior descending disease, most of our patients with such lesions did not have ST depression on exercise.
The major reason for the differing results undoubtedly relates to the study populations investigated. Our patients had recently sustained an acute myocardial infarction and many (usually those with anterior infarcts) had electrocardiographic abnormalities at rest and developed ST segment elevation on exercise. Parts of the precordial grid were therefore excluded from developing ST segment depression during exercise. In addition the development of ST elevation on exercise may have prevented the development of ST depression in the reciprocal territory by generating an opposing force to the ischaemic vector.2
Since the 16 lead precordial map offers no advantages over the sandard 12 leads the subsequent discussion is based on results using the standard 12 leads only.
THREE WEEKS VERSUS SIX WEEKS
We have demonstrated that a maximal exercise test six weeks after infarction is significantly better than a submaximal exercise test three weeks after infarction in identifying patients with multivessel disease (Fig. 3c , p < 0-05) and three vessel disease (Fig. 3b , p < 0 05), but not two vessel disease (Fig. 3c , p= NS). No patient with three vessel disease had a positive exercise test at three weeks that became negative at six weeks (Fig. 3b) . Neither exercise test was highly sensitive or specific when the data were analysed on the basis of a significant reduction in luminal diameter being > 50% or > 70% (Table 3) .
Several factors may explain the differences-in results between this and previously published studies (Table 3) . We studied consecutive patients who fulfilled no specific criteria except that they survived their acute myocardial infarction, agreed to participate in the study, and had no other serious noncardiac disease. Others, however, have studied selected study populations. They have included consecutive patients fulfilling specific criteria,'I 11 nonconsecutive patients with symptoms or an abnormal haemodynamic response to exercise,8 or survivors of an uncomplicated myocardial infarction.7 9 16 The age of the subjects investigated may also be important. Most previous studies, except that of Akhras et al,7 have included older patients in whom the frequency of both previous myocardial infarction8 9 19 (which has been associated with a higher prevalence of multivessel disease3) and multivessel disease7 8 1' are higher ( As in previous studies9 -1 considerable numbers of patients with multivessel disease or three vessel disease had negative exercise tests. In view of recently published data these patients may represent a subgroup with a better prognosis than the extent of their coronary artery disease would suggest. 24 We were unable to confirm previously published data suggesting a higher incidence of multivessel disease in patients with inferior infarction. Many patients with coronary artery disease known to have an adverse effect on prognosis are, however, not identified. We therefore suggest that it is unreasonable to use early exercise testing as a guide to the selection of patients for coronary arteriography after acute myocardial infarction.
Angina pectoris either as a presenting symptom early after infarction or when it occurs during exercise testing (with or without ST segment depression) is a strong predictor of multivessel disease. Because these patients may represent a high risk group for subsequent cardiac events we recommend coronary arteriography in this group. 
